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(57) Abstract 

A method for determining a DNA base 
sequence which comprises fixing in an 
extended state a molecule of a single-stranded 
sample DNA (7) carrying a bead (5) at one end 
thereof and a magnetic bead (6) at the other end 
within the visual field of a fluorescence 
microscope by means of a magnetic force (11) 
and a laser trap (3); binding a primer (8) 
thereto; effecting an extension reaction (10) 
with a polymerase to thereby cause the 
incorporation of a single chemically modified 
nucleotide (9) alone labeled with a fluorescent 
substance differing from base species to base 
species; measuring exclusively the fluorescent 
substance thus incorporated as a fluorescent 
microscopic image by the evanescent 
irradiation (13) with an excitation laser (1); 
determining the base species from the 
fluorescent substance; liberating the fluorescent 
substance with which the incorporated 
nucleotide has been labeled by the evanescent 
irradiation (13) with an ultraviolet laser (2); 

and then effecting the step of the incorporation of the next nucleotide followed by repeating these steps. Thus, the base sequence can t 
determined by using a single DNA molecule, and a DNA consisting of several hundred bases or more can be efficiently sequenced. 
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lit 

SLffiftSF 

*mwit, dna, RNAm<Dftmmmzmi-z 0 ^dna, rn 

DNA, RNAf©«ftt, »fi*#W*«te?i£W&£t?E5£, 
fe«r^O4h»T?aSi:«:-3TV^S 0 DNA, RNA©Jga£E5»Iftje, X 

u , «^^c9& l fc&juz'mm.fomtpiZ'fr^mftMmm^z — > * tf-u l 

&S£«tf>--X*<W* y , £&«<DWf8*<jiai>snT^<5. i^T, lift 

NAostftioflaa6Be9Uffl5^i:ffl»a«i«:j|Q2 ot&m&<D*v 

U l5HO" ,2 mo i0^DNAi:ffilitl^$itt, #'J^^-if 
U>gfc, BP*,, ft^'>7fVi/>3 (dAT 

P) . 3 v>m. (dCTP) . T***/>fT ;j/>3 

U >®M d GTP) , t** S>> 3 ( dTT P) . ~ 

ft*>izmz.xi>7-t*yT7J->>2 v>m (ddATP) *mzz 0 
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d d a t p T&mmmwm.T*m y & s £ , -zti&>±mm&it<to-gk u & 

faSJ^T-d dATP©«*>U tc, *>?**i/*/ s f-i?^Z iJ>»(ddC 
TP) , VTr-X^i/VT J t/y 3 U (d dGTP) , S^**:^ 
5S?>3 'J (ddTTP) tiUXtc.Jx.mZ&ALiZft%:? 0 {|L, 

tt±®4S®fij£«5&j££"rS£ f ttttDNAJCf&fi&BjJ&iKJ 10 0 0 

1 0" ,5 mo 1 &{;:, P§S3ftfc*mfc*«»IfrK:J: U 1 %S 

<0^"»fB"C4Mti-*. ttT * 5 K&ffiffifflO . 3mm 

NAottHEjUfe^je-eas*. 

DNAOJftafcE^J&ifcJtLTV^ (WM¥4 - 5 0 5 2 5 1 ^tR) • 
m2©^3feft»T?j±, KSDNAfettStL, SvMC#*fcS*a«a<$ft 
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4 I©S1 £ ^ T # 'J * tc J: £ *g fttft # SSJ* & ^fr U fcft . 

^iJ=&^^LTV>-5 (Journal of Biomolecular 
Structure & Dynamics 7, 301—309 
( 1 9 8 9 )). »3<Dt£#ftfirCtt, DNA#'J^7-t!'©ll^L 
t^SDN AcSl y & * *l"C D N A«#£EJ£ Sr^BUS©^*- 

(MdNTP) fcjB^TDNAtf'J -tfKJSfefTib-tirSXg, 

U 3i * ftfcM d N T P £&di1-£ II, Xtf M d N T P £#g RTtE 
J&^tttcM-t-XSS: l^^Vfc L. iSi" 3. £ tc J: y , 

DNA©*3SBa5«J%»t3eO-CVNS. d<Z>t£3fcStfrCfcfc, 1 i&S#SB#,& 

iOT, DNA«#ft*<l^fcttJ»K:*^-0^ (W2 - 5 7 9 7 

8) . l^u. 3fts©amm«©£w3y>f ^t<d®i®^* .u . * 

ME, ^^c^:o■CV^SDNAtt[a£SB^3S?£■e^**^^*«I^- J: 
^MfttoL&ff ot^5, DNAttL3£E9iJ^3eictt^-?*^(i»c 1 i&SJI: 

Tfc, 5 0 OJ&SSi: 5 0 1 i&»:ft<D 1 t&m&ltftmn % Z £. 
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^n*-etc«*«i«}iYk^ff $ttT*fe*<, kiwi o o o^ss* 

S*-<5$g^te:£ ftTV^l^ (Electrophoresis 13, 
495-499 (1992), Electrophoresis 13, 

6i6-6i9(i992)) 0 ^mm^mA^m^ 1 0 0 0«S 

&X*&Z>ZHlZmmmz*,WlWZtlT),^Z> (Electrophone 
sis 1 3, 5 7 4- 5 8 2 ( 1 9 9 2 ) ) 0 BP*,. fc^Sfrfc/a^ 

^tt, ^«IS#ttlM3^»«Ta*fl!)«&ffioTVNS (Science' 
2 5 4, 5 9 - 6 7 ( 1 9 9 1 ) ) . MXi£. ttm&3&jzW<D2 n- 
Y AC^7 o->tt^ l Mlg«S*5©f, 1 0 0 O^Ifo 

3r#T-r&£:»ffiEi i o o offl©K»©#tF?a<&g-cas. l^l, 

DNA©SW*Mi)«tc 1 0 0 0%a£ft-fo©»fit%3a^FJB3&< MmT'Ztt 
T? <Z>ig«IB?iJ © * -/\*- ^ y y * mm L T % £ ^ D N A ©jfiaSSBfll 

#«HIIMSa£**< 1 O 0 Oi&m&T'lZV #>#y>>-&M l 0 ^gfs o 
I|3*>, iggg2?'J£&^1-^#DNACD 1 OffiFOfi$<3Dttl£EyiJj^3tS|| 
^i-*^S*<*S 0 ftoT, 1 Mjaa6So«ia£B39>Jt*^tctijKi l ^#(0 
f8ft©4HfTat&gT?*5. 1 ^©DNA^Sg^iJ^^KT^IfrT-^^ 
tt»*ttl 1 0 ORfim. l^tlMffilSiT?) 
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<e> % s ss^y <d & & b m -c « u m if & etfl? s t? * «s . 

-+f>#-?£fC J^^T^^S/fcCDUff Kite, lt^fC^ 
#SiS#J 1 0~' 2 mo l^DNA&StSfe©, ^7D-^>^P 
CR«<DSffi&^T^£tt»DNA£!fi!S f &ga<*S. d 

< 8 ®<0»jfc2S^ft**&llf::fc.&. slS, ¥3r8HCfci: 1 ®<D-y-J 

cd d n AjaagfiTimjga: ai-e * s . 
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*fc&fc*#fi£j&a<ai£fc^- ( 2 ) & y l fll©.* * 

& $ 1"o 0>J* tf, r- SMbi^f± 2-zso^> s>;HS*<* A $ ft 

®^»T?/£<«M$tLTV%S (Annu. Rev. Biophys. B 
iophys. Chem. 18, 239-270 ( 1 9 8 9 )') .'^ 

*BM«^SiST?it«56«HC^yJi*n*Sft«:«J^T*?*, 3 6 0 nm 

±K©1&t6&;fri-3fb3MiS«i** U**- KO^Jt LT, Texas 
Re dW»$— s; KdGTPo«»ftj|i3ia*^»7HJc^Lfc. 13 
0«. *«tC-fb^«ii-*i»^<Z)ai»^«T?*«5 d GT P (fg2H|) © 
mmft (Science 238, 336-341, 1 9 8 7 ) ic , * 
»tt*;U4<$?^* K (HOOC (CHa) >COOH) £fFffl£-t±T, 'J 
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HlK^f J:9i:, 2-nitroacetophenon(Aldri 
ch, N9 2 0 - 9 ) KfllR&flUSS-an:. «*4©ffiICihn^ 

r> iZ, Texas Red (Mocecular Probes, T- 

353) \z, m4w<D&m<D4t&m*ttmzi±m&isikz>. m 
ai&s?Ti/3i^>a»ctcai-s ( j. Am. ch em . s o c. n 

0, 7 1 7 0- 7 1 7 7, ( 1 9 8 8 ) ) „ M 3®£.M 6 m<D£2L<D4k 
*W*fMi3-ti: t mimiZ7f;-t£o\Z, gltinexas Red 

*<tt#(,fc2-=Nn^>s?;HEitiA$nfedGTP7?*«S3t** 

(Texas Red) ^r- S? ^UaJ-^ K (dGTP) £f#3 0 ffe 

y * 9— c J: «ffitt«#ft£ftfc j: y , % y & * n#s zm* 

^^-^-^MMB-^;T^y^^n€>c:<!i^is$tiTv>^ (n u c 

leic Acids Res. 20, 2471-2483 (1992) 
(An a 1 . B i o c h em. 2 3 4, 1 6 6 - 1 7 4 ( 1 9 9 6 )) 
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±«ffl«a<ttftu>3:<jfcs. mimzjfr-tit'gmz 3 6 0 nmaT®» 
zv>m, m8miz7F-f,koizmmizv>i]-®fr7bmw-tz&, zw 

HP*>, I7|(DTexas Re d^-^KdGTP, 
SS^t'^^tlfe^r-^KdATP, dCTP, dTTP^llt 

ir> M®*f£fl3VN£ 0 ip*,, ( l) #y - fcftc J: 

<k u^u^^nfem^ng&i&^-r-s, (3) ^m^^-tftbxmtft 
^aA^aasasrw^i-*, (4) *^»!H»^«fc^'fb^jE/U{c«fcy 



WO 98/33939 



PCT/JP97/00239 



1 0 

^^n*ffia»-fe;UF<g©±a®tCjgSJ$H4-, ±2SE*£©ffijfc£ l 0 0 

"cmac§B»e«itc«^u, 5 1 5 nmcDA r u— >f ^m^t^m^, ±mm 

5 0nm«*ifcffl«-e»«*<l/eJC*S. COHR^tttti 

■ir;H*©*If*£ l 5 0 nm«TK:#«r*W«3e»t*<l&a*n t 7J<cd 

(Nature 3 7 4,5 5 5 - 5 5 9 ( 1 9 9 
5) ) o »3fcLfc»3tettHr/I/OT^TJ:ySWu>Xft^LTl«*it2ft 
tc* * ^ ( c J: y f«ift lT^-$n^„ 7^ t - 8 * « 

i=«fc y-fe;n^&3*7cfl9K:»L<«fsS-a-3TVN*fc«), lifo©!^ 

1 5 OnmaT<D«HT?**fc*>. »*3fc©Jiin»tt^$ < , fftgDN 
A»=fflagE*i*:«3te#OJ|l^«.ffl| l ± 7? * So 2 

**«fc*!ljrrs. C©S3ta»Jtt»Co^Ttt«HHJP2 --2 6 9 9 3 6 
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#&*RK:#L< KttSftTV^. flfcy&atlfc** K9 CDM 

v^o **^U-if2i^ijXA4^LT»«)S±JJ:»J»AL, 

iz;n^i©^®^e, i 5 o nm&T<DmM&%ftmmmzn t my 

■^TlJMr*-*. tt9£fe«imDNA7®llvm:S*<tt 1 0 0 nm© 

^©«««*k:»AL, ♦-DNA^ottttfctftfT^fcv^©^ 

-X5 *f N^yX3 KJ: y-fe;u*©«««©«#rtfcffiie-r« 

(Science 271, 795-799 (1996) ) 0 U — »f £ 

fS^CMLo^^SSf (Optics Lett. 1 
1. 2 8 8 - 2 9 0 ( 1 9 8 6 )). ^iZ^V-^fiZ J; -5 U— f S 7 

ftT^* (WBB^2 - 9 1 5 4 5*&ft) . \s—*f% i t U > X tc <£ y 7j< 
^MaT?**. *-OK»DNA7©Jt(MO^-X (H*Sa#:) 5© 
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1 2 

*-DNA^743||#tft(Science 27 1, 1 
835 -1837 (1996) ) . 91 *#tf-J-;m*»»©*S3 fcgft 

(C 1 0 0 nm^T£T?a5:g&£-£.5 0 

^^»*«©*«t.llffl^caty»*nfc5 f ^^^K«^t^ca^ ( z , 
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1 3 

iifefc«>©^i$iaitto. 0 3»7?*y, ±eoo. 

=&&v**< (Nature 374, 555-559 (1995) ) , * 

— (Annu. Rev. Biophys. Biophys. 
C h em. 1 8, 2 3 9-2 7 0 ( 1 9 8 9 ) ) 4 ft±0Ii^3> 

W^;^^0. 3»i:{R3lLT%, 1 Ultf)-^ tji* l U & 

J&SfS?>J&^<2>jI^± Hfi£/8>&-FKfc.5 0 ^SgSBO^Ssfc'ftStlitrfc 

m-rzn, im#, *u 2hwt?»tt?*. mmmx-mnL^m 

» i,J l*f$S^ffSlffl£:>&*. *f8W©#8rCtt, 

fi© tt*4 D N A <Z> 2 *fi| £ L , ffifiB gfRffi^cottlFi*) j£ L T It 



r^^-^r «... * 7 :m 

rrr ' p y ***-* * - * ?; 1 9 ******** 
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1 5 

w©§fc^fi0^l■cfflv^*s3t«li^r-s? k d at p <Dmm.itmi-m, 12s 

Htt*»9B©**«7?«^s«3t*ll^r-^ KdCTP 0«jgt*^ria. 
Hi 2 9Ett*»g9©^jSSMT?fflV^S3t3te«»^-j? KdGTPOiilS 
^-*-|H. Sg3 OHtt*^9§(Z>^|JSffi|"effiv^^3fc«»^r-^ K d T T P 

.y-^KdCTPO«i^ti, 13 3Gaa*»H®IMM7<jg^« 
3t3fe«»<!r-s? KdGTP ©flUftft^i-®, M 3 4 H(i*^0§©^SSM 

(H5S^J 1 ) 

mmftmmm <*y imt2-rfo st/b^*. ~©gg 
^u>x2 iitmm 1 0 o*g >;uti, > • 7,f^o7 
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— SxlOO, 1. 4 0 NA) fc^VS. d©£ fc*a*< 
m 1 0 0 <tmn«. ^tl/>X2 7 <D±&(DmfflLm<D7>9— V 26CD 

±tcasai0*t6s#^.fe-fe;i/ 2 5 zmm-tZo mi imiz^jvomm. 

^r^-T, t^O±I3 7li|I$lmm05^ft^7'1' K#9X, -fe^O 
©KIHfcfcO. 2mmt'feS, tA©S^^«i:Mf 3 9 , 4 

3>f>t-U>X2 3-e*3fc3-*T. X U XA 2 4 <D±B5©¥iBfflWfr 
*atT1r;i/cftcaR«"rS. X-r— ^2 6C»OI6 8° (DAM 

^JST'^UJ: y, mi O0fc^-ryyXA2 4«©^ffl!«*ffiSP^&31 
LT, 4 8 8 nm0Ar^t>U-f 15 (2 OmW) , 5 3 2 nm© 
YAGl/-ifl6 (20mW) , &rf3 5 5 nm©/^J6IYAGl/ 
~ f 1 7 (10m J) $rir;l/2 5 tc^^fL, ■ir;n*K3D^M7?^s» $ i± 

^-19. 2 ill, m&mmi oo mm ^ 
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-15, 1 0 6 4 nm©YAGl/-f 14(10 OmW) £ *V * n >f y 

izmm~tz> 0 u-ftr-A2r (»u>x2 7 icj; y 1 ^ m 
Aoy>7 >y 2 2^^©Mut4i©i/-f 14, 1 5 1 

K3ft f *v ^n^>^^7-28&if^. > h7^;^-2 9 %m 

©a^pi^g^tc^vj^^prtg-^, 0 %*£ 1 0 o%<D?$<DmjsL<DSkm 

2 8Tf»#«in^t)fe 1 0 6 4nm©^^|;^, 7 S i" 3 at) tc -fe 
vSTS. tf-A^yu y*-3 O-CKttLfc^O^I&tt, 2. 5fg 
©«»U>X3 5 (*UW^4±«. NFKx 2 . 5) fCJryjSfcsn. 

t'T-'^-U- h<0CCD*^53 6T2^7U^£ti^tlS 0 CCDCCD*^ 

^£®<a*:£2«: 1 2. 8X12. 8mmTf*y. 2 5 X 2 5 ^^ 
*£<Dlffi**<. 5 12X5 1 2B#M^**3nTV*S. IftiB-c 
©M$lil 0 0 X 2. 5 - 2 5 0fi4CTf, a»o^ Stt5li 2 
X5 1. 2 (Mm, IHSfcO. 1X0. l^icmn. ^ 
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1 8 

U>X2 7 (DTJj^<Dftlt, 4^|jy>jXA3 lH4,m<D=F#'7 4J\,* 

-3 2*®.&&fri±t^¥m?zmmzitt^&, 2. smnm&^^x 

33 (*U >/<**fcB. NFKX2. 5) ICfcUttflUctl. M|2S: 

^ §$li2 5 - 6 X 2 5. 6mm-C*y, 2 5 x 2 5 Mm0^§$® 1 
..jB**<. 1 0 2 4 X 1 0 2 4B*^T?#|ia3ctlT^«. M0®T'C7)m 
ffiP*ttl0 0x.2. 5h2 5 0«W, l«*td:0. 1X0. l^m 

5 1. 2x5 1. 2tfm©a»©{fc4 l§4oi:^ltS. 
S-fcO-tNTXtt. ^i-C12. 8X12. 8 B mO«4 2T?*»J, 4 

-3CD^^Svs ( ca^U^^^J:e > {C, 2 5. 6 X 2 5. 6 mm ^ 

5 0 0~ 5 2 0 nm, 540~560nm, 5 6 0- 5 8 0 nm, 
5 8 0-6 0 0 nm 7 0 % £k±<Dm^*n% , 3 0 

o~iio onmv&mmmvznzmmft&ftT* commit 1 o~ 4 j^ 

Til-T^o U-f»ftTJ*« 3 5 5 nm,-4 8 8 nm, 5 3 2 n 

2ti*4^<D&&izmm&tifcm+*>nz> a vt-^x, 1024x102 
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NAfcfc4 8 5 0 2^^-c^0^SSe^J^fit^DT**SCD-e, *f&W<D 

4iC^fJ:^(; i ^2*«^U = f3?^b^-^K<3DP»3. ADNA44, 
4 5CD5' 5felt:tt^t5*'J ^ ^7 4 7 fl) 5 ' 5»5S»«C {* hf3f 

^>49£^f8L, ADNA44, 4 5 O 3 ' ^Kltt^l"*:* L> =f* 
*U**-K4 6<B3' *«ll=tts;=f#S/>4 8&«»LT**. 2 
*«*'J^7^Ut^K0ADNAi: *S*jt#J -C * ^ 8P#(0«£ie*l t± 2 

(HfBfiflO 5 2 <£>#.3f®{::x NU/S7h'^>5 0£$yi$ K*S^»c 
cfcU^CAi-So i£M£j0. 1 /i m<DmfMf&#V X^b>£-X 

£14 U -tsB©fc:*-X£;&Dx.£ 0 k*^-^>4 9i:xSb^STti*^>5 

S»"C«*t*©t, ADNA44. 4 5{iSittlC5' SfcfllKttK 
ttfc*trc^*vM£-X5 2#tt*L. 3' *tfictt«ttfc*tffce- 

**2*Ua|-*K*: f ft 3 |g* P>Sg 7 B7?K% L fc^Bfc -W^^^ffi-e 
^t«.»160liBODIPY 4 9 3 /5 0 3 C3 (Mole 
cular Probes, Inc. Si, D-2190) £Msi: LT 
^-^NATP,$17||±BODIPY 5 3 0/5 5 0 C 
3 (Molecular- Probes, Inc. , D - 2 1 8 6 ) £ 
I»tLT^MKdCTP, il8H(iBODIPY 564/ 
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2 0 

57 0 C3 (Molecular Probes, Inc. , D-2. 
2 2 1 ) S«»i:LTJfo^-s?|«dGTP, fg 1 9@(iBOD I PY 
581/591 C3(Molecular Probes, Inc. 
fi. D- 2 2 2 7 ) **»£LT»^*-i?KdTTPT?a.5 0 

H*t=tr-X5 2 t 53^UcADNA44, 4 5 & 1 

* , *««©x^-s; 2 e tcHjestifc-b^ 2 5 <D#izmmm*7 

n-^TiAt5 4 *r. ffiffilil^-Kcu lionet 
...^-Ax^ y ^30tlonK^7-i:LT.K»DN 

ihLTM2 0B^6»2 3Hi:wta»54&Wt*. 12 0113 
i^tC, ^-±7fK|tDNA4 4, 4 5CD5' **flBK:**Lfc 

>T (5 6) . I2l^ t ^ (: , ^-^-±^M^gp (c ^ 
LT*S 1 0 6 4 nmo^b- 9*CD^©{ia 5 5 (C, ±fE© JEotf 
&fcf-X5 2£g< 0 fc^i 0 6 4nm©ijt^u-fi^ t| u 

(5 7) . Jift-e**:^^, "^t— s?.*^»$i±ntfr <mc 

«flWKftSrf7n-S* (5 8) , »2 2HK:*rJ:^»c. « 

Sl= j; y*TOftK:**fc»SE3li:. M2 3 Hie*-*-* ? « D NA 
©3' 3W«flH=||^Lfc*tt*flfOffctr-X5 3*^=^-± TWra 
fC^|#^i± (5 9). i^^-X^^^DNA4 4, 4 5£ 
9l*#tff. ;ne2i© k '-XW-<DDNA©Mi:^ Ul ^ 

a«r*^j:^»=««*&pffr*. c©^^dna4 4) 45*51 
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2 1 

1 6 . 5iKmi:4y f aiftft0)^5 1. 2x5 1. 
fcf- XXIiDNA *<±3*® fC *> i ? iTSStt Lfci::5^7-S?S ®^ 
-XZ®%.-fZ>fz6b<D 1 0 6 4 nm©l/- »f &T/*fittSttflFM$-&jB5tt 

1 4HUc^fcfc?{C, H^fDNAO 5 ' 5fc«K*A£ft-5tf 'J * U 
^ K4 7<DigS@2?iJ{C*g*£6*J&2 0*afifi©*U * ^7 U^5=- KCD a" 

«^T, -fe;K0»£ifijft£ 3 7°Ci:L f 111 6i^^l 9EUC;3*-f 4 

KtSequenase Version 2. 

0 T7DNA#>J^7-if (T^S/^MfcJBI) iCg^Sia^ 

^DNA0^$:fi:7 1/-^>a^|;ft5„ ffcSMfctti* * u aj-^- 
K©«iKti4ai:t, lOOnM, 4? 'J p< 7~t?»&tt lOOunit/ 

1 , ^m*afit<o#u tfs^cD^ i/ioo o-e*s 0 

A*±£ yjR^$tlTV>* S equenase Version 

2 . o itm&TM^mmnu*autiti<i!> u , wmmmt 3 0 0 jagg 
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2 2 

2££ HH«l*8iy&*-&5 0 

4 8 8 nm&tf 5 3 2 n mCD U— 9 s & 1 &fSim*t L , dODU— 9*M*f 
CH**tT»iPCCD^934 , C l»IH'«3tf*. U— *fbf-A2 
ltt-b^2 5rt©±«ffi-e±S*fL. -b/W©rt*t=«lB*xe 1 5 0 nm 

mm**, i o o nm^T©f&HK:»fe3ttTv^fc«>, # y^-if£ 
n-oitmmw* ^i/tf Kf±, r 7 $ (c j: -p t* l < n * ® x 

feU, <Ky»c«^co:/^yir>NRa#SrS^T%, «£Bic*^scii: 
f * 75cV ^ ^CCD^734ICU^M, ±MI?©5 1.2X5 
1 • 2 ^mfCOi^T, 12 4H|(c^-r «KI4#ffl«©3fl 1 -f4ft 

W3( ^ f KO 1 ^MtCMt^^ 1 -14 f t >^;KDt CM 
6 5, 6 7, 6 9, 7 1 * S®mmLXtktii1- Z . 

W^l»316jft(0*l-|S4^^>*;W©«k©W-»««6 6, 6 8, 7 0, 
4«©»jS6 5, 6 7, 6 9, 7 lfil*m<Z)ga£ £ tz& Lfof® 

ffi«*Sa.**<. ffiB*<bi-*4flojw^ tt 3>tr 3 -^-tcj:y gj& 

^MOJt^ftW^JCffi^oaatasijT?**. ^Tf. 3 5 5 n 
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2 3 

te<D±&Ea~C±JK:8&L, -teJlsOfa&izmWfrio 1 5 0 nm&TOf&BB"?? 
JL/**y~t> K»DNAfcl:-fe;H*3fl!)±«ffi^S 1 0 

3eKrra(BBS7?«U5gi-. 3 5 5 nm®;^»^0. 
4$>^{C, 48 8 nmM5 3 2 nmfflU-f§0. 5 #5SMIrf L , d 

8 n m&&5 3 2 n m£D U — »f{ia»»T^ £ 0 . 1 3 5 5 nm© 

1/ -If fc/W^IBS i±. IR »J 5i £titcf&1®<Dlb¥m 

V I 2 J\s*mVML, 4 8.5 0 2Jaa£g<Z);i DNA 

0±«a£E5fiJ^^4 8 5 0 2#, ip*,, 1513. 5 m^X-mTX' # S. 
(2&6&0IJ2) 

fobs »c i om<DDNAMm(Dt&mmmkfezmtf-fzM*3& 
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2 4 

KfcJOJttSETyo^/fctf y zf 3? $ l> K £ ^ ^ - $/ a > (c J: U 
^AL, 1 i:IHa<D^T*3' 5fe3Htce2i-^>§«A-rs o 5' 

5fc3SIHB!K:fcfc5 OIS3£SO«»i©«[aEIB3Fii&«A1-S*<, -e©^SS2^Jtt 
1 01©DNA^;J: (J ^ $ t5, Ig|5u m(0S ^ tt 
# U > fcf-X©*f.*®fc a NU X h7 fcTS?> 3 KM£-(C «fc 

-<0**hf-XftaiA. #DNAK»©3' 5feJBJC«£U^-X£**3 

OK, -fe;KD|*JTi?t®C 1 Oaci^ai^ai-yzf^^u^jc^^ 
mm<Z>«V&*«5 1. 2X5 1. 2 J um(7>fS[I}© 
±Jl<DX^xm^lZ, M25miZ^t^oiZ, *l-IiO©U|fDN 
A&i ^5 1 OtfJff0tt*fettJBHi£«tt7 3-8 20^i:, Ml 

«4 5 0««<o l y ^ 4; ^ k 8 3-9 2**S^i-* 0 

«tt*MI&«J*f* 1 x 1 ^SiTJ, 5 /ttmlBHtittllttlzffi^T: 
5* 3y«ctt»©«a«K:j|«:*«atEj!i & t»^. 3' MWtzm 
**-Xfc«.**AL&J*l~*l OOKRDNAS, 

ffC^AI"*. t;«^tt2 5°CfC^L, #K»DNAt**fii« 
&i£SiH?ij * y zf 5? ^Utf 3 it* 0 ffiM 

b * * o & K» D N A ttff «ft ft 7 O - $ it T ftflF* £ aftf * o 5.1 

£it. 12 6H{C^t-J:e)(C, |gl ~Jj| l 0C58MDNA9 3-102 

0 0KJgSS(DDNA^(i§|^#^ t - i: ^3 4 a« mOfiS U . » 
*4DNA<D3' 3fe^f|!|(i^o5 1. 2 /tt mK:J&** 0 
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2 5 

fcteHMIg^fiifcttS. Jg2 7Hj&v$JR3 O0K^*-4«<JDfl:^«f 
**U*^K (fib. £3fe»f±ttftT*1-) tAmpli TaqDN 

A*y>7— fcf (Sm«tSI) .£OS£««ttfc-fe;u+K:*Al-*; g 
rattle, #U*^-^KJ:oTffitt«lcflXy& 

Mftmmmtzj:v , m imnytKi&izi&'o-cnXifc&ttimzti&'r 

312 7H^S*3 0HlC*^4«©fl:^«i3c^u^5 tKttt _ £1 6H 

* S 3£ 1 9IU C^-f-ft:^ * U K £ (Wia© &m&f8tiz «t U 

«27B^^«3 Oitt, Cy3. 0, Cy3. 5, C 

y 5 . 0, Cy5. 5 (Biological Detection 
System, I n c . ») tife-Jr — KdATP, >r-j? K 

dCTP, >r — ¥ KdGTP, ^-S?KdTTPT365. dnSfc^t; 

&3tI&fiU— !fte 5 3 2 nm^YAGU-f (20 mW) t 6 3 3 n 
m©He-NeU-f (2 0mW) tttm^Z. ft-, 4^©ii;M 
1-a^F»7 -f 540-580nm, 5 8 0~6 2 0 n 

m, 6 50~680nm, 6 8 0 - 7 3 0 n mfjgl$ 7 0 %A±®ig 
3 0 0-1 10 0 nmCDlgffl-Ccn^Alii^a^T'^agii 
*±10-^Rt*. l/-fttftTJ*4 3 5 5 nm, 5 3 2 n 
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2 6 

m, 6 3 3 nmoimmmi 1 Q-'&TttZ. -fe^rt©±MKl«» 

»3fett , :c/<* v * > MH*f jgi^ * J: y * jEfcflt/JMHi* 6 

A V m*t-C * , «fc y MA *St3fetf-W tc J: y ff-M £ g 3 o 

IS 3^ D N A 3^ 4 & M y 9 X =6 > * Hi l c J: * T -,TO f £ fc ^ f 

&m-t&ftm<DlV-4 2/Ul. 0%><DJimCD*T*, 5 3 2 nmt633 
nmtDU-tTO^, 3 5 5 nm©l/-fi| M f, &V*tlP> 

^©Yb^#3?47u^K&aiy3ii*-fr^-r < ts. a 

0S5»IC#JEBLT1 0,6. *a*K:*m-ctt4 

«©K»©±*a6Ej>j f i=rff 1 MfiSg^, 1 0 0 k#. BP*,. » i g 

(*5£$!3) 
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2 7 

mOYAGU— «f£6 3 3 nmOHe-NeU-ffl)2^^4 8 8 n 
m©Ar^*>U-lf(Di^t*. 4 X y X A £«*^Jfo*S 4 
«©=P»7-r;b*-tt, 5 0 0-5 4 0 nm, 540~570n 

m, 5 7 0-5 9 0 nm, 5 9 0-6 3 0 nm^I$7 0%^±©I 
iS^S:^*,, 3 0 0-1 10 0.nm©fgfflT?^n^2fflfll^7?<3!>aia 
mtl O-'SkTH-t*. ±fc, U-1f»*Tf*« 3 5 5 nm, 4 8 8 n 

13 lg^^3 4itt, ^-j?KdATP, >r-V 

KdCTP, *—S>KdGTP, >r — i/ KdTTPf^tj, y#-x© 
^3*3' ©fiIi:^#L fe- h n7 x-;^cd^ 3 1:^^ , f 
AM. JOE, T AMR A, ROX(Applied Biosyst 
emstfcS) &««L. - N O 7 1 5 OfflafCtt^f 

FAM&«1*LT^5. Rl- * * U*?- KftSB©, FAMtJOE, F 
AMtTAMRA, FAMiROXora^x^df-^gitjg^^ 
CtlfCfcy, 48 8 nm0Ar^t>U-fi;j;- 3 TFAMt'lt 
T?fc<. JOE, T AM R A, ROX4H»*7fftj(BT?§«. ^fft© 
m^^^j?^U3j-^K{Cnh07jL^;U^$:^LT^LrfeU. 3 5 
5 n mO^VVX l/-if ©BWi: J: o T3t ^ Utf S. 

»%U>Xtt»S© 1 0 OmfrZ 6 0{£ > . 

7^D7-hx6o, 1. 4ona) £-rs 0 **7<D&m<D®mis 

>X&2. 5fl9*M£l. 6 7 fg (:*-■; WS^ftiK, NFKxI. 67) 
x 3 5.. 8mmf, 3 5 x 3 5 (x m<D* & £ <D lWm*< 1 0 2 4 x l 0 

2 4®jaM^#t/&$nT^3 0 ««®-e©«Mt±6 oxi. e 7-? 
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2 8 

lOOfflFfc©!?, liBJRtiO. 3 5 X 0. 3 5 /imi:Mt-S 0 3tKi: 
#A3ftfc4#ffl:/yXAK:«l:y, 1 7 9 X 1 7 9 ^ m(0^©fca<-4 
^<D^C#i!j$n, 17. 9X17. 9mmO^$0^n4-3© 

m<, mi 3mnmmiztx, ^m®T?s^ca^u^^v>j;e>{cL 

T 3 5. 8 X 3 5. 8mm<Djzt*2T!m&iStlZ. 4 8 8 nm, 355 

a»W©ir;Kz>F»gT*ffitc, 10x10 fimammiz^m im<om&-e 

tfH jg $ n & # y t £ *g*«j|**i- * 0 d a>ffi««H«^tt £ < ^ > * a 

PWKM-e#&#t»i*!<z)3 3 om<o#v Tummmm 

<k ? * m RN.Ai<^ *? it mm L X V % £ 5 c £ *<Tr £ -5 0 #31 
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2 9 

c DNA#S-SJS$rHfT-fSf^, gHtC|g3 1 [H^ $m 3 4 HIC^ 
-fltmmmz? Is*?- KfcJB^T, iilsI^^^T'. m R N A 

*m$i}iLtcm.&<Di&mmFmfeitmftirz 0 ^*>5^, ^cdna 

1 ki&Sa^3fckJg^<^T', U*:£#CD:§l2te 1 AimJ^T 

T?£>3 0 ^ot, fflffimWMi£.Jfc<Dm, 3 3 O^fS^te^ 1 0 (x 
mJ^±g|ftTV^<£>T*, Sv^M#o£^^-r£ ~£1±t£v> 0 tJ^UA 

^ >fffiStt3 3 Ofa(0&HIBffiaK:J:^T^>^Aicj*fc-5 o L^U 
#tfMffia^^#en-S«-l-timRNA(^#.^^^^CDlt^^(D-U, d 

££!V^J£gggJiJy;£^}£ 'j7hT?S)5 t 3 3 OiCmRNA 

ft £ O^ft <Otta6E3nj £ # £ „ f# e> ft fc«U£BB?iJflffR & SE1f©r 

4«©JSS (7r->, v^y>, ^7->, (Dffifth&mffi 
7 3 - — h □ if n— 5 h n >f > K— 
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3 0 

f fc^a«r £ ft * * U * 5^ y & a *i s © St $1 # , Ux 

y 5i**i*K/«?jafi*<3f * K<o««i{c«fe y if© «fc ? ic&fls-ra*. 
**^tt^yii*n*sisa**^b^«Efliif$nfc5i^ U2f5=- k©^^ 
a# © aa k: j: y * © j: ^ ic shm- s R&mm *<« 

aa^#«sjts»cfflv^a^ y * ^— tr©«^fc<j: y ^ © £ ? tc^-r 

*mWlZ£M£, »1 0 OK^^±©#-DNA^©lgSie^ 

swc * , < i*m t^^gu fc*aa* d n a © 
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3 1 

ffflf ^ <d $g gg 

1. / >^<^%-Si5^1^T*«^MM^ ( 7, 44, 4 5, 9 3 
-1 0 2)^CD-SPlc^U^^U^K ( 8, 8 3 -9 2 ) ftfiftMU* 

o) tf?*^ f mMmm®m<D®m&mmm<D&%Lz n &^ mmi * Mm 

^^K^fsii^, (b) Saia*gM^^# S ^^ ML 
^*tTL^«fc^K:^««r**ifc^«03i^ix^K (9)©n 

xa£ , ( d ) mmum ( b ) , atftwrcxa ( c ) &m y 

**u itEff&uftft® 1 ^cit^Lfctm-fc**** k© 

E#lifc£i£ Q 

5. »*©«H*i3(E*©*Wta6EWifcS6a»=fe^T. ft Eft* 
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3 2 

9. »*©ttH*iaE»©««*atEWftS^rffii=fev^T. WE-fb 
lflOffiEm3«i»ft. WE^fijfijciyWE-fbWttf^^u^ 

10. & i &m-?$>zmmm®. n, 44, 4 5, 9 

3~ 1 0 2) <Z>-tolZ*V=fz#\s*m ( 8, 8 3 -9 2 ) 

^tHH^SclC-iJ^T, (a) MIH^^M^cD 1 *«<Z>8B#tc:*- y if* 
^tfK^niii;, (b) fl!lEfi*tt*jftttft£j£*<jE|ftL 
■CMff L*^J:-5tcft^Hfi|itctifcfl:^tt3?^u^K (9) <oim 

^ v ^ ^ ^ n sfr Efb ? j» %>?v*^v ^# u & « « -c . a? ems 
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3 3 

oX.m.il, (d) tiMElS (b) , ^TfmllXM (c) £*&yag"fl« 

fcfHffill- £ d f £ * y ^ — tf *Itt«^R#ftEJJ>®,E 

11. ^fe< fc%—ffl$*U 7, 4 4, 4 5, 9 
3~ 1 0 2) CD— SBlCrtf* U 3? ^l/^f-K (8, 8 3~9 2) £*B*§fI 

( 1 .0) &ff>S:vs fT3BM£»R(0«||J!ft%^J®^&ff^^^% 
^ga^J&^&fcfc^T, (a) WE»Sl«R<3!) l*IB©8l5^fzSiHa3t-y 
=f* V V** K^tSXii:, ( b ) 

M LTMfr L&v* J; {c 4SfScD^ ^7 KiWt^MMBiSftfc'fb^Mfc 
05? <7 U** K ( 9 ) ffrfB<*£!&&® 1 #Mlc;{S*£3IM#$ 

t^xii:, ( c ) mmnmm&fcttmKjfc<Dmn*nimiiTztkmiz 

£fbS*S3frft3*EJ&£fTfce>XSfc f (d) Buiaxa (b) , 

12. ( a ) ffi$imm.<D 1 (7, 44, 45, 9 3- 1 0 2 ) |: 
&y£tomifitttiQL1L>r — Z? K3? £ Ix^"^ K ( 9 ) <D 1 fll 3 X 

(b) I/— *m*f(l, 2 1 ) id «fc »J MSaMftMj!£JML, % 

^ufem^^tf-MLTJ^M^^j^i-sx^, (c) BineapsmKicie 
£-LT^fc^ffiraa$r-s> ks? u^-^ k*<&#l ft*M£i!&*f 
( 2 ) la y Buiam^ii6$rHtiiaiiSJ^ic^L^iuia>r-^ k** 
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3 4 

ua-*-K*sa«s-**iai:. (d) mmum (a) &£>mu (o 
*m y ag l r , tir£mft«(ttft<tf £a u & 4— s; k * * u * k £ jh% i 

■^JolfEliaiiKi^stfca, *««*«* *SMI 3 *x. «re 

MifctSlJ ©i&giSgE?iJ £ 1 ig|S*5 S £ S tt« £ r S »W& 

13. ( a ) g&M^&CO l*i(7, 4 4, 4 5, 9 3~102)|; 

<t***s n jMb**** < 9 ) - © liitt^tsiii: , 
*£««3*sx«fc f (d) tfriaxM (a) *&«hb < C ) 

c £ & ^ -r 3 & sss^j tfeses 0 

1 5 . -fk^**$n&'fb^**5f * u2j-5=- k ( 9 ) © i ig^^iti 

(7, 44, 45, 93-102) <D 1 **k:JS^-#- £ C t. , m 
-C. WE^**ft»EI|ffl*KK:*^L*:ttC-fk^**j{47 K 

***** u** v*m*®m&muLtc'r-i; k** u*^ 

17. ^fc<£*,-ffi*U*«T**«fS/&K (7, 4 4, 4 5, 9 
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3 5 

3-10 2) 0-S5Kl^-»J=f3?^L/^K ( 8, 8 3-9 2 ) £*§*£gg 

(i o) $rff^vN, «r»»a«»©«»*afBa9»j«©^&ff^e>«att 

«©<MHM*2*U:*-*.K (9) fc*tt«fc«>©, mmtmn*? 
^^KJC«»$nfcM3fc^&ja/Bi--5l/— 9* ( 1 , 15, 16)£, 

»Ea^§»t«ijetiyttt*i/>x (27), ffircm^ottft 

*mntz>7jj],#- (32), 8rfc3bfc&fcta-r.53tetfcain (34) 

i 8. m&ommm 7 ^mmcommi^mm^mMmmizis^x , m 
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3 5 

3-102) <D—mz*V zf SL >? K ( 8 , 8 3 -9 2 ) SrfiMff 

(i o) *fttj:^, mszmmmm<Dmmmmmw<Dfefe*ftti:vmMi& 
mm&mfemwuz&^x , mtmwmmn i *m<Dmftizm&*v 
* u k £*s£- u k , mmmmmmo i ^mmm^ s & . 

m<Ditmmmxz k o) £&&i-s mfiH-fk^^^^ ^ 

K»C«»$tifcm^S:iafif Six— 9* ( 1 . 15, 16) t, 

mmy£&fr<h$£-f2>mytitm%:-rz>i<>x (27) , itrsaM3t©«s 

(32), «riaat3feSrtft£ti-*-Sit4ftf±JS» (34) 

mzmizLtzik^mmz v v*?- \<<D^mm.(D^t^yt^R^iz * 

1±Z>tz®<Dtfcm ( 1 7 ) «h$r^L, mmk¥mmz?\s*?-F 

1 8. m^cDmmmi 7mm<D&mt&mmmkfemw.iz}3^x, m 
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2 o . m&oimmm i ^mBmcommmmmn^mmiz^^T, m 
2 2 . m&oimmmi 7mmm<Dmmm&m^m^mizis^x, m 

2 6. w^oigiaM i 7«sam©M^^ga^^ a{C fc^ T , ^ 
2 7. M*a|BH*l 7a«tta>*Mat EWftJ g ftatcfev , Ti w 

Enam^-xts, e, 52. 5 3)i:^n^^ t 
2 8. »*®isis*i 7aE*o*Mat EWtt3 g SB(=t?v , Tf w 

E»MH**K-X(5, 6, 5 2, 5 3 )C^ Li U-ifKd:** 
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3 7 

E*M*K*<«tt*#tJ t fc£--X (6, 53) »C<BM*3*i. Huiatf-X 

3 o . m&ommm i 7^iatfecD^^s@a^j^^stcfe^T, nr 

3 1. m&®9gBB£l l 7TO•io«|^fc««B^9^J^a^B^ctev^T, s? 

3 2. 4»;&< «p*< 1 ( 7 , 93-102) 

©-*K:*y=r**ua-*.K (8, 8 3-92) «ffi»««r^$« ( «r 

ia^U3-3?^U^^K$:^i:LTffllim#^#«^ (10) fcfrfc 
feS^5:ifit5b-f (15, 16)4:, SIS-*-*** 

^m^i-ai^x (27), «riam3t©«[ssa^-rs7W;i/^- 

(3 2) , B&EStft&fctof *ft**ttt» (3 4) B?iam^$r 
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determined by: 

- (a) immobilising a molecule to a fixing bead at one end and a magnetic 
bead at the other; 

- (b) fixing one end of the molecule within the visual field of a 
fluorescence microscope using the fixing bead; 

- (c) extending the molecule by applying a magnetic field; 

- (d) hybridising a primer at one end of the molecule; 

- (e) carrying out a chain extension reaction with a polymerase in the 
presence of the four possible nucleotides (chemically modified (e.g. 
as a ketide or 2-nitrobenzyl derivative, preferably on the purine or 
pyrimidine base or on the 3-position of the ribose ring) and 
fluorescence labelled, with a different label for each nucleotide, 
fluorescing at different wavelengths) to add a single nucleotide to 
the chain; 

- (f) exciting the molecule with a laser and observing the evanescent 
radiation with the fluorescence microscope thus determining which of 
the labelled nucleotides has been incorporated in the c hain; 

- (g) removing the fluorescence label by Irradiation with an ultraviolet 
laser* 

- (h) repeating steps (e) to (g) to progressively build up the second 
strand of the DNA molecule and determine the base sequence. 

- Also claimed is an apparatus for carrying out this process. 

- USE - The process is used for rapid and accurate automated sequencing 
of genomic DNA and DNA fragments. 

- ADVANTAGE - A sequencing rate of 1 million bases in 6 days is possible 
with this method. 

- (Dwg.10/36) 

IW DCTERMINE^BASE SEQUENCE SINGLE DNA MOLECULAR ATTACH FLUORESCENT LABEL 

BASE ONE ONE REMOVE LABEL BASE ADD FORMATION SECOND STRAND PROGRESS 
IKW- DETERMINE BASE SEQUENCE SINGLE DNA MOLECULAR ATTACH FLUORESCENT LABEL 

• LABEL BASE ADD FQflMATION^^ 
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Tl • Determination of base sequence of single DNA molecule • by attaching 
fluorescence-labelled bases one by one with removal of label before 
next base is added as formation of second strand progresses 
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